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Glyphosate, is a broad-spectrum herbicide widely used in the world.. It is
representative of a broad class of compounds, known as phosphonic acids,
which contain a direct carbon-to-phosphorus (C-P) bond.

Glyphosate kills plants and bacteria by inhibiting the bacterial and plant
enzyme enolpyruvylshikimate-phosphate synthase (EPSPS).
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Common Name ISO: GLYPHOSATE

Chemical name IUPAC: N-(phosphonomethyl)-glycin

Solvent Solubility Solvent Solubility

Water pH 2: 10.5 ± 0.2 g/l 
20 °C, 995 g/kg

Methanol 0.231 g/l

Acetone 0.078 g/l n-Octanol 0.020 g/l

Dichloromethane 0.233 g/l Propan-2-ol 0.020 g/l

Ethylacetate 0.012 g/l Toluene 0.036 g/l

Hexane 0.026 g/l



Glyphosate is a zwitterion, as illustrated in figure and has four
dissociation constants (pKa),

Acid Dissociation
Constants of
Glyphosate
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pKa1 0,8 First phosphonic

pKa2 2,3 Carboxilate

pKa3 6,0 Second phosphonic

pKa4 11,0 Amine
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The molecule of glyphosate can be envisioned as a polydentate
and/or monodentate ligand that binds to “substrates” via the oxygen
atoms. These molecular characteristics of glyphosate have major
implications in its mode of herbicide action and in the sorption
behavior of glyphosate on soils/sediments.
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In the environmentally significant pH range of 5 to 9, the first
phosphonic and carboxylate protons are fully dissociated. The
dissociation of the second phosphonic proton increases above pH 6, but
the amine proton is unlikely to dissociate in the environment.
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The pH-dependent dissociation of glyphosate determines the speciation
of glyphosate in aquatic systems. However, the estimation of
environmental exposure concentration in water does not take into
account the dissociation of glyphosate in water. The effect toxicity of
each dissociated form of glyphosate is not known .



The environmental fate studies
conducted on soil and water-sediment
systems do not take into account the
adsorption of glyphosate onto
colloidal-range particulates.
The importance of particulate matter
in the transport of pollutants and
subsequent deposition is recognized.
Since glyphosate adsorbs strongly to
soil particulates, the higher surface
area of colloidal matter may result in
higher concentrations of glyphosate
when compared to higher particulate
sizes.
That is, colloidal particulates could
behave as “scavengers” of
glyphosate. Transport of glyphosate
by colloids have the potential for
off-site deposition

Particulate size in disperse phase range from 5 to 200 
nanometers
3 DeLonge, L.W., Kjaergaard, and Moldrup, P. 2004. Colloids
and Colloid-Facilitated Trnsport of Contaminats in
Soils: An Introduction. Vadose Zone Jounar, Vol, pp 321-325.

Colloidal transport 



Geological Disposal of Nuclear Waste: Fate and Transport of Radioactive Materials,

By Prabhakar Sharma DOI: 10.5772/50391

Colloidal transport 
Presence of colloidal matter in natural waters can vary with season.
Furthermore, the concentration distribution of the chemical through a
water body is not likely to be omogenous. Therefore, the estimated
environmental concentrations in water could be overestimated or
underestimated at specific sites.

By Prabhakar Sharma DOI: 10.5772/50391 



In the soil environment, glyphosate is resistant to chemical degradation, is
stable to sunlight, is relatively nonleachable, and has a low tendency to runoff
(except as adsorbed to colloidal matter). It is relatively immobile in most soil
environments as a result of its strong adsorption

Glyphosate is highly soluble in water. The hydrolysis half-life is >35 days (Kollman
and Segawa, 1995). Studies conducted in Manatoba Canada (Kirkwood, 1979)
suggest that glyphosate’s loss from water is through sediment adsorption and
microbial degradation Trends in Plant Science, Volume 17, Issue 10, October 2012, Pages 569–574



Glyphosate’s primary route of decomposition in the environment is through
microbial degradation in soil (Franz et al. 1997). The herbicide is inactivated
and biodegraded by soil microbes at rates of degradation related to microbial
activity in the soil and factors that affect this activity (Eriksson, 1975).

.

ENVIRONMENTAL FATE OF GLYPHOSATE Jeff Schuette Environmental Monitoring & Pest Management Department of Pesticide Regulation Sacramento, 
CA 95824-5624 (Revised November 1998)



The primary metabolite of glyphosate is aminomethylphosphonic acid (AMPA).
Degradation of AMPA is generally slower than that of glyphosate possibly
because AMPA may adsorb onto soil particles more strongly than glyphosate
and/or because it may be less likely to permeate the cell walls or membranes of
soil microorganisms (USDA, 1984).

ENVIRONMENTAL FATE OF GLYPHOSATE Jeff Schuette Environmental Monitoring & Pest Management Department of Pesticide Regulation Sacramento, 
CA 95824-5624 (Revised November 1998)
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Aminomethylphosphonic acid (AMPA). 



GLYPHOSATE 122603

TUSCANY
Active Substances Sales data

Year 2009
Kg 

Whole sales data 2505814

COPPER 290023

SULFUR 1490397

Sales data excluding Copper and sulfur 725394

Glyphosate Percentage 17%

ARPAT
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CHAPTER I
GENERAL PROVISIONS

Article 1
Subject matter and purpose

3. The purpose of this Regulation is to ensure a

high level of protection of both human and

animal health and the environment and to

improve the functioning of the internal market

through the harmonisation of the rules on the

placing on the market of plant protection

products, while improving agricultural

production.

REGULATION (EC) No 1107/2009



Introduction of « cut-off » criteria

Reasons of the introduction of 
« cut-off » criteria

 Council report and Resolution of EU Parliament on the COM report on

implementation of Directive 91/414/EEC in 2001 and 2002

 Consistency with other policies and legislative measures such as 6th

Community Environment Action Programme, workers safety, Endocrine

Disruptors Community strategy 1999, REACH

 Facilitation of decision making process

 Increase protection of human, animal health and Environment

REGULATION (EC) No 1107/2009



CHAPTER II 
ACTIVE SUBSTANCES, SAFENERS, SYNERGISTS AND CO-FORMULANTS 

SECTION 1 
Active substances
S u b s e c t i o n 1 

R e q u i r e m e n t s  a n d  c o n d i t i o n s  f o r  a p p r o v a l 
Article 4 

Approval criteria for active substances 

REGULATION (EC) No 1107/2009

The assessment of the active substance shall first establish whether the
approval criteria set out in points 3.6.2 to 3.6.4 and 3.7 of Annex II are satisfied.
If these criteria are satisfied the assessment shall continue to establish
whether the other approval criteria set out in points 2 and 3 of Annex II are
satisfied.



An active substance, safener or synergist shall only be approved, if, on

the basis of assessment of carcinogenicity testing carried out in

accordance with the data requirements for the active substances,

safener or synergist and other available data and information,

including a review of the scientific literature, reviewed by the Authority,

it is not or has not to be classified, in accordance with the provisions of

Regulation (EC) No 1272/2008, as carcinogen category 1A or 1B

REGULATION (EC) No 1107/2009
Annex II, 

3.6 Impact on human health
3.6.3



29/07/2015

Glyphosate monograph is on-line

30/07/2015

EFSA is to assess the findings
of a report by the International
Agency for Research on
Cancer (IARC) which concludes
that the herbicide glyphosate is
probably carcinogenic to
humans.

The report………..will be
considered as part of EFSA’s
on-going peer review of the re-
evaluation of glyphosate.

EFSA’s finalised conclusion
will be sent to the European
Commission and published
later this year.

Re-Evaluation



30/07/2015

In the EU, active substances used in plant protection products are
evaluated or re-evaluated using a phased approach.

First, an initial draft risk assessment report is produced by a designated
rapporteur Member State (RMS). In the case of glyphosate the RMS is
Germany. The report is peer-reviewed by EFSA, which sends its
conclusion to the European Commission. The Commission then
decides whether or not to include the substance in the EU’s list of
approved active substances. Find out more here .
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Analysis of Glyphosate and AMPA

Characteristics

Small molecules
High Polarity

Zwitterionic Form

High Water solubility

Low Organic solvents
solubility

Lack of Chromogenic
groups

Low vapour pressure



By Prabhakar Sharma DOI: 10.5772/50391 Direct Analysis of Glyphosate and AMPA ?

Truth or Mith?



Analysis of Glyphosate and AMPA

LC
Insertion of Chromogenic group

and/or improvement of chromatographic behaviour

GC
Insertion of group for 

enhancement of volatility



Analysis of Glyphosate and AMPA

• Derivatization with FMOC-Cl

• SPE off-line clean-up and concentration

• Analysis of the extracts by LC-MS and LC-MSMS  negative ionization



Analysis of Glyphosate and AMPA

• Derivatization with FMOC-Cl

• SPE on-line clean-up and concentration

• Analysis of the extracts by LC-MS and LC-MSMS  positive ionization



Analysis of Glyphosate and AMPA

• Derivatization with FMOC-Cl

• SPE off-line clean-up and concentration

• Analysis of the extracts by LC-MS and LC-MSMS  negative ionization



Derivatization of Glyphosate and AMPA
with FMOC-Cl
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IUPAC name: Chloroformic acid 9H-fluoren-9-ylmethyl ester
Other names:9-Fluorenylmethyl chloroformate; 9-Fluorenylmethoxycarbonyl chloride;
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Analysis of Glyphosate and AMPA

Water samples: 
Stored frozen in plastic bottle Thawing

Sub sample of 80 ml
+

1600 µl HCL 6M
after 2 hours

+
1600 µl KOH 6M

80 µl ILSs 100 ng/ml
+

10 ml Borate buffer 5% 
+

10 ml FMOC-Cl in CH3CN 6,5 mM
(daily prepared)

1 ml of HCOOH and filter
+

4 ml EDTA Na4 1 M
+

100 ml H2O

SPE

• 9 ml of Methanolic eluate
• Evaporate to dryness
• Reconstitute with 500 µl of 

HPLC Mobile Phase HPLC-HRMS analysis
Positive ionization



Positive ionization choice
“Although these compounds have been traditionally recorded in negative ion mode
[9,10], in our work the sensitivity in positive ion mode was found to be
approximately two times higher. Moreover, the product ions observed in negative
ion mode were due to neutral unspecific losses of FMOC, or FMOC plus water.
Thus, any isobaric compound that could have been derivatized with FMOC and
also presented a water loss, would show the same product ions in its MS/MS
spectra, being therefore not very selective. For all these reasons, positive ion
mode was selected”
Journal of Chromatography A, 1081 (2005) 145–155

ILSs choice
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Instrumental Choice

LC-MS-IT



Instrumental Choice

Orbitrap Exactive HCD
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Trapped ions in the orbitrap

Characteristic frequencies:
Frequency of rotation ωφ
Frequency of radial oscillations ωr
Frequency of axial  oscillations ωz

{ })/ln(2/
2

),( 222
mm RrRrzkzrU ⋅+−⋅=

z

φ

Only this frequency does not 
depend on energy, angle, etc. 
and is used for mass analysis 

Hyper-logarithmic potential distribution in the Orbitrap: 
“ideal Kingdon trap”

•Korsunskii M.I., Basakutsa V.A. Sov. Physics-Tech. Phys. 1958; 3: 1396.
•Knight R.D. Appl.Phys.Lett. 1981, 38: 221.
•Gall L.N.,Golikov Y.K.,Aleksandrov M.L.,Pechalina Y.E.,Holin N.A. 
SU Pat. 1247973, 1986.

r

LC-HRMS: Orbitrap



Instrumental Method
HPLC Column : Luna Gemini
C18-NX, 150 mm, 2 mm, 3
µm
A: Water 98%, ammonium
formate 5 mM, methanol,
2%
Fase B: Methanol 85%,
Acetonitrile 15%, formiato
di ammonio 5 mM,
Flow 400 µl/min

Time A% B%
0 95 5
1 95 5
15 29 71
16 5 95
21 5 95
22 95 5
27 95 5

Gradient:

HESI (capillary 275 ºC, vaporizer 40 ºC)
Positive ionization, Full Scan: resolution
50000.
Fragmentation E HCD= 15V, resolution
50000



Trapped ions in the orbitrapLC-HRMS: Full scan
The identification of the analytes is performed in a "full scan" by seeking, for each
analyte, the two ions (protonated form) listed below.

In this way, 4 identification points are obtained (DECISION 657/2002, TABLE 5), 
that are considered to be diagnostic of the presence of the target molecules

Formula Target Qual. Ratio Q/Tgt

Glypho-FMOC nat. C18H18PNO7 392,08936 393,09272 19.47

Glypho-FMOC mark. 13C2C16H18P15NO7 395,09311 396,09646 17.31

AMPA-FMOC nat. C16H16PNO5 334.08389 335.08724 17.31

AMPA-FMOC mark. 13CC15D2H14P15NO5 338.09683 339.10018 16.22
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Trapped ions in the orbitrapLC-HRMS: HCD fragmentation
In the event of doubtful situations, we proceed to the analysis of fragments.

Identification is considered certain if it will prove at least two fragment ions, In this way,

from four to five identification points are obtained (DECISION 657/2002, TABLE 5)
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C4H9PNO7 (protonated adduct)= massa 214.01111
13C2C2H9P15NO7 (protonated adduct)= massa 217.01486



Trapped ions in the orbitrapLC-HRMS: HCD fragmentation
In the event of doubtful situations, we proceed to the analysis of fragments.

Identification is considered certain if it will prove at least two fragment ions, In this way,

from four to five identification points are obtained (DECISION 657/2002, TABLE 5)

C3H9PNO5 (protonated adduct)= massa 170.02129
13C2CH9P15NO5 (protonated adduct)= massa 173.02503

C3H6NO2 (protonated adduct)= massa 88,03930
13C2CH6P15NO2 (protonated adduct)= massa 91,04305
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LC-HRMS: Full scan

GLY-FMOC 
Injection of 15 µl at 100ng/ml

Simulated spectra



LC-HRMS: HCD Fragmentation
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LC-HRMS: Full scan
Mineral water spiked with Glyphosate /Glyphosate ILS

0,2 µg/l  e.a.



LC-HRMS: Full scan
Mineral water spiked with 

Glyphosate /Glyphosate ILS 0,2 µg/l e.a,
AMPA/AMPA ILS 0,6 µg/l.
10 indipendent analysis

Cv%
Tgt

CV%
Qual

Qual/Tgt RF

AMPA_FMOC 5 5 16 0,978

AMPA_FMOC_mark 5 5 17

Gly_FMOC 5 9 17 1,00

Gly_FMOC_mark 7 9 17



LC-HRMS: Full scan
Proficiency Test 29/04/2015  



LC-HRMS: Full scan
Proficiency Test 19/09/2015  

Friday 18/09/2015

Our Lab Code is 13

Glyphosate provisional Z-score = -0,99

AMPA provisional Z-score = +0,87



LC-HRMS: Full scan
Real samples



Real samples
Analyzed
samples

30/05/2015

% of samples with 
Glyphosate

concentration higher
than 0,005 µg/l

% of samples with 
AMPA 

concentration higher
than 0,005 µg/l

130 65 68

Analyzed
samples

30/05/2015

Maximum 
concentration of 

Glyphosate
µg/l

Maximum 
concentration of 

AMPA 
µg/l

130 20,73 13,72

Analyzed
samples

30/05/2015

Average
concentration of 

Glyphosate
µg/l

Average
concentration of 

AMPA 
µg/l

130 0,61 1,48



Real samples
Analyzed
samples

30/05/2015

% of samples with 
Glyphosate

concentration higher
than 0,1 µg/l

% of samples with 
AMPA 

concentration higher
than 0,1 µg/l

130 25 42

Analyzed
samples

30/05/2015

Concentration of 
Glyphosate

Median
µg/l

Concentration of 
AMPA 
Median

µg/l

130 0,07 0,21

Analyzed
samples

30/05/2015

% of samples with 
Glyphosate

concentration higher
than 1 µg/l

% of samples with 
AMPA 

concentration higher
than 1 µg/l

130 9 15







PERSPECTIVES



Surfactants

The role of a surfactant in a herbicide product is to improve wettablility of the
hydrophobic surface of plants for maximum coverage and aid penetration
through the plant surface. A surfactant can be a pesticide inactive ingredient
(“inert”) in a formulated end-use product, which is classified as Confidential
Business Information (CBI). A surfactant is usually added as an adjuvant to a
tank mix.
In glyphosate, both in the formulation (CBI) and the adjuvant are nonionic
Surfactants are not usually a single chemical of defined composition, but
structurally related compounds of varying number of carbons in the
hydrophobic tail. A very important property of surfactants is the formation of
micelles , which are ordered assemblages (structured) of disorder surfactant
molecules. The concentration at which micelles start forming is known as the
Critical Micelle Concentration (CMC). The CMC also depends of the
characteristics of the medium, such as pH, temperature, and ionic strength.
Each type of surfactants has a different CMC, which also depends on the
length and structure of the hydrophobic tail

By Prabhakar Sharma DOI: 10.5772/50391 



Surfactants
Alkyl poly(ethylene) oxide (PEO) is the generic name for some nonionic
surfactants, which vary among them in the number of carbons in the alkyl chain
and the number of ethylene oxide groups. Although the name and composition
of the surfactant in the formulated end-use product is CBI, the labels of
glyphosate recommend the use of nonspecific nonionic surfactants in the tank
mix. The surfactant POEA has been associated with glyphosate formulations
and/or adjuvant. The name POEA is used for “Polyethoxylated tallow amine”.
Unlike the nonionic PEO, POEA is a cationic surfactant derived from quaternary
amine cations. The uncertainty in the chemical nature of surfactant in the
formulated end-use product makes difficult to ascertain which is more toxic,
the surfactant or the glyphosatesurfactant. Furthermore, the role of CMC in
the overall behavior of a formulated end-use product in a tank mix with an
adjuvant is not known and makes difficult to interpret the effects of different
formulations/adjuvant combinations.

By Prabhakar Sharma DOI: 10.5772/50391 



Surfactants
Alkyl poly(ethylene) oxide (PEO) is the generic name for some nonionic
surfactants, which vary among them in the number of carbons in the alkyl chain
and the number of ethylene oxide groups. Although the name and composition
of the surfactant in the formulated end-use product is CBI, the labels of
glyphosate recommend the use of nonspecific nonionic surfactants in the tank
mix. The surfactant POEA has been associated with glyphosate formulations
and/or adjuvant. The name POEA is used for “Polyethoxylated tallow amine”.
Unlike the nonionic PEO, POEA is a cationic surfactant derived from quaternary
amine cations. The uncertainty in the chemical nature of surfactant in the
formulated end-use product makes difficult to ascertain which is more toxic,
the surfactant or the glyphosatesurfactant. Furthermore, the role of CMC in
the overall behavior of a formulated end-use product in a tank mix with an
adjuvant is not known and makes difficult to interpret the effects of different
formulations/adjuvant combinations.

Conclusions:
A major uncertainty remains on the nature of the surfactant used in
the formulated enduse product and the plausible enhanced effect with
the adjuvant.

By Prabhakar Sharma DOI: 10.5772/50391 
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